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Abstract 
The Kyoto Protocol signed by Poland obliges our country to reduce greenhouse gases emission in the period of 2008 to 2012 by 
about 6% below the 1990 level. One of the methods of reduction of CO2 emission is its binding via mineral carbonation. The 
paper presents the methodology of researches and findings on CO2 absorption by cement slurries prepared with the use of most 
commonly applied cement types. 
© 2010 Elsevier Ltd. All rights reserved 
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1. Introduction 
Mineral carbonation is one of the reduction methods of anthropogenic emission of CO2. The CO2 bonding by 
concrete is a well-known phenomenon occurring in the environment, even in its slight concentrations in the air and 
water. On the one hand, carbonation is a process of corrosion, but on the other, it may be applied as a method of 
CO2 sequestration, especially, when using concrete waste and the so called accelerated carbonation [1, 2]. 
The CO2 bonding by slurry is permanent and, thus, safe for the environment. The produced carbonate is a phase, 
which dissolves with great difficulties and deposits in concrete voids and pores. In natural conditions the process is 
very slow. All components of the slurry undergo carbonation [3]. The speed of concrete carbonation increases as the 
CO2 concentration goes up, especially with high values of cement-water ratios, and CO2 transport occurs through the 
system of pores in the hardened slurry. The preliminary factor that carbonation depends on, is diffusivity of 
hardened cement slurry [4]. Diffusivity is a function of arrangement of pores in hardened cement slurry at the time 
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of CO2 diffusivity. That is why, cement type, water-cement ratio and the extent of hydration, are of great 
importance. 
2. CO2 emission in cement industry 
Cement industry is one of the greatest emittants of CO2 in Poland. Table 1 presents emission of CO2 in cement 
industry in Poland and cement consumption.  
Table 1  Emission of CO2 in cement industry in Poland and cement consumption [5, 6] 
Years CO2 emission [kt] Cement consumption [kt] 
2002 7824,0 11400,0 
2003 7640,4 10570,0 
2004 8171,6 11479,3 
2005 8114,0 11679,0 
2006 9705,5 11522,0 
2007 11472,3 16800,0 
2008 10456,6 17120,0 
As aforementioned, cement waste is a potential material for CO2 sequestration via mineral carbonation. 
Significant amounts of this waste is produced, due to the fact that in Poland, the most common technology used in 
the building industry is based on concrete. 
Cement waste, produced by one of the greatest emittants, meaning cement industry, is particularly interesting, 
owing to the possibility of indirect reduction of carbon dioxide emission from cement industry. The waste may also 
be utilized as foundations, concrete and  road constructions. 
3. Research on CO2 absorption levels 
The research on CO2 absorption levels have been carried out on cement slurries prepared on the basis of 12 
different cement types. The tests have been conducted with a various water usage, which has been added to bonded, 
and next, defragmented slurries placed in the research chambers. Apart from the water added into the chambers, 
humidity of bonded slurries has been taken into consideration, ranging from 11 to 14%. Therefore, the total amount 
of water has come to: from 50 to 80% of sample mass (different type). The tests have been carried out on ground 
hardened slurries with the 50% water contents. 
The tests presented in the paper have been carried out with the use of 100% pure carbon dioxide and gas mixture 
consisting of: N2  –76%, CO2 – 13%, O2 – 11% (flue gas). 
Research on absorption levels have been conducted with the use of an installation consisting of two measurement 
sets. Each set was composed of two chambers and a logger – registering device. The measurement sites had joint 
elements, such as: gas cylinder and a reducer, meaning a CO2 or flue gas ‘production’ set in laboratory conditions, 
as well as research chambers [7, 8]. 
The preliminary preparation of suspensions has been carried out by mixing waste and water in a lab mixer. Then, 
the suspensions were introduced into the research chambers. After airtight chamber shut-down, the measurement 
and registering devices were connected, and the inflow of CO2 or flue gas, then, the measurements began. 
During tests, pressure and temperature values have been registered. Chambers with suspensions may be shaken 
on a circular shaker. The reduction of CO2 or flue gas pressure in the chamber, indicates the occurence of CO2
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absorption by suspensions. When the pressure inside the chamber drops below a particular value, CO2 or flue gas are 
filled up. 
Carbon dioxide or flue gas from the cylinder are delivered by the reducer. The amount of CO2 in research 
chamber, as well as its changes proving CO2 absorption by suspensions, are calculated (indirectly on the basis of 
readings of temperature and pressure in the chambers) using the Peng-Robinson equation of state. 
The prepared samples were closed in chambers and filling with carbon dioxide began, up to the pressure values 
of about 0.9-1.0 MPa. When carbon dioxide pressure dropped to 0.5 MPa, its quantity was refilled to the initial 
pressure values. The samples were seasoned for the 2 period of 14 days. At this time, there was constant registration 
of pressure and temperature in the chamber, with 1-minute intervals, while at the time of filling 1-second intervals.  
Figure 1-3 present example findings in the form of diagrams.  
Figure 1   Example chart of CO2 absorption with the use of pure CO2 by cement grout: CEM I 42.5 (73.6 % water) 
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Figure 2  Example chart of CO2 absorption with the use of pure CO2 by cement grout: CEM II/A-S 42.5N  (43.4 % water) 
Figure 3 Example chart of CO2  absorption with the use of pure CO2 by cement grout: CEM III 32,5 (70.5 % water) 
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The diagrams show the process of CO2 absorption stated by carbon dioxide mass referred to 100 g of dry slurry, 
as well as, pressure and temperature readings – defining conditions in the chamber during sample seasoning. Figure 
2 reveals characteristic increase of temperature while CO2 refilling. This phenomenon has always occurred during 
the first filling of chambers with carbon dioxide, as well as, to a smaller extent – while gas refilling. All findings 
have been calculated presenting the amount of absorbed CO2/100 g of dry cement slurry and shown in Table 2 and 
3. 
Table 2  Findings on CO2 absorption with the use of pure CO2 by cement slurries  
CO2 absorption  
[g CO2/100 g of dry cement] 
Cement name 
Initial 
humidity of 
slurries 
[%] 
Total 
water 
contribution 
[%] 1 3 7 14 
CEM I 42,5 13.3 73.6 7.54 10.71 13.38 14.54 
CEM I 32,5 R 11.2 70.5 7.82 10.13 14.61 19.02 
CEM I 52,5 R 12.2 72.8 10.43 16.43 22.54 25.83 
CEM I 42,5 R 10.2 65.3 4.11 6.64 9.77 12.98 
CEM I 42,5 R 11.8 64.7 5.53 9.63 16.32 18.36 
CEM II/A-V 32,5 R 13.9 74.9 11.54 19.45 25.86 30.6 
CEM II/B-M(S-V) 32,5 R 15.0 79.8 6.34 9.32 17.65 21.54 
CEM II/B-M(V-LL) 32,5 R 12.4 69.1 7.65 16.3 19.75 22.87 
CEM II/A-S 42,5N 11.8 43.4 8.53 13.69 19.07 22.73 
CEM III 32,5 11.1 70.5 8.83 13.55 17.11 19.78 
CEM III/A 32,5 N 13.2 73.4 7.48 18.74 24.74 30.33 
CEM III/A 32,5 N 13.0 56.3 7.32 11.13 18.93 23.86 
Table 3  Findings on CO2 absorption with the use of flue gas by cement slurries 
CO2 absorption  
[g CO2/100 g of dry cement] 
Cement name 
Initial 
humidity of 
slurries 
[%] 
Total 
water 
contribution 
[%] 1 3 7 14 
CEM I 42,5 11.1 69.4 2.79 3.85 4.62 4.71 
CEM I 42,5 13.5 73.0 5.67 8.81 10.83 11.57 
CEM I 32,5 R 11.2 69.4 4.19 7.18 11.73 12.94 
CEM I 32,5 R 13.9 73.8 3.01 6.23 12.76 17.82 
CEM I 52,5 R 13.2 94.0 4.14 7.91 12.3 14.22 
CEM I 52,5 R 15.0 76.9 5.25 8.61 14.28 16.07 
CEM I 42,5 R      12.2 70.7 7.27 9.63 15.17 15.73 
CEM I 42,5 R      12.4 68.2 4.87 9.89 13.76 16.67 
CEM I 42,5 R      13.0 74.1 3.04 7.84 12.02 12.4 
CEM I 42,5 R      10.2 66.4 2.10 4.37 6.45 7.27 
CEM II/A-V 32,5 R 11.8 68.4 2.45 4.85 8.22 10.75 
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Conclusions 
Thanks to the researches, it has been stated that the greatest amounts of CO2 are absorbed by slurries prepared on 
the basis of cement from CEM III group, while less for those with contribution of cement from CEM II group. 
Cement CEM II type, as well as, CEM III contain additions, apart from clinker, such as fly ash and/or slug. The 
lowest amounts of CO2 were absorbed by slurries prepared on the basis of Portland cement CEM I, lacking 
additions. The greatest reaction dynamics has been observed during the first hours and days of measurement. 
Total contents of water in the seasoned samples has proved to be the essential factor influencing the values of 
absorbed CO2, however, the greater amount of water, the less carbon 
dioxide absorption. This tendency is particularly important for cement from CEM II 32.5 group. 
The findings stated that waste cement slurries may be applied in CO2 sequestration on condition that it is an 
additional action, for example while their processing for the means of future economic use. It also needs to be 
emphasized that in case of cement industry, where technological reduction of emission is limited [6], even indirect 
reduction of CO2 emission is desirable. However, due to the lack of data on the amounts of generated concrete waste 
produced while the use of specific cement types, the percentage of emission from cement industry possible to reduce 
cannot be estimated. 
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